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(57) ABSTRACT

Systems and methods of sensing intraocular pressure are
described. An example miniaturized intraocular pressure
(IOP) monitoring system is provided using a nanophotonics-
based implantable IOP sensor with remote optical readout
that can be adapted for both patient and research use. A
handheld detector optically excites the pressure-sensitive
nanophotonic structure of the IOP-sensing implant placed in
the anterior chamber and detects the reflected light, whose
optical signature changes as a function of IOP. Optical detec-
tion eliminates the need for large, complex LC structures and
simplifies sensor design. The use of nanophotonic compo-
nents improves the sensor’s resolution and sensitivity,
increases optical readout distance, and reduces its size by a
factor of 10-30 over previous implants. Its small size and
convenient optical readout allows frequent and accurate self-
tracking of IOP by patients in home settings.
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SYSTEM AND METHOD FOR SENSING
INTRAOCULAR PRESSURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to optical sensors,
and in particular, to a system and method for sensing intraocu-
lar pressure.

2. Description of Related Art

Glaucoma is a leading cause of blindness, affecting an
estimated four million Americans and seventy million indi-
viduals globally. As glaucoma typically affects the elderly,
the aging demographic trends indicate that this disease will
continue to be an ever-increasing socioeconomic burden to
society. Elevated intraocular pressure (“IOP”) is a major risk
factor for glaucoma, and IOP monitoring is the single most
important clinical management tool.

Despite the pervasive use of IOP readings for disease moni-
toring and the clinically proven importance of the aggressive
lowering of IOP, current clinical management is primarily
based on only periodic snapshots of IOP in the doctor’s office
obtained every few months. The inability of patients to easily
monitor their own IOPs at different times of the day or during
various daily activities hinders the comprehensive under-
standing of the IOP profile of individual patients and the
possibility of custom-tailored IOP control.

In addition to its use as a patient monitoring parameter, [OP
is also the standard readout used in glaucoma research. How-
ever, achieving an acceptable level of accuracy and repeat-
ability in animal IOP measurements requires anesthesia and
extreme care. Conducting such time-consuming measure-
ments in large populations of animals is a major hurdle in
glaucoma drug discovery.

The need for better IOP monitoring in clinical ophthalmol-
ogy and in disease research has been widely appreciated.
Existing measurement techniques in clinical use measure [OP
indirectly. Current IOP measurements involve a form of con-
tact or noncontact applanation tonometry. However, both
modalities have difficulties in providing reliable and repeat-
able readouts of actual IOP values inside the eye. All tonom-
eters produce indirect IOP readings by deforming the ocular
globe and correlating this deformation to the pressure within
the eye. Their readouts are heavily influenced by the corneal
curvature and thickness, or corneal mechanical properties
that vary due to co-existing ocular pathologies. For example,
patients who have received laser photorefractive keratectomy
have thinner corneas in the treated eyes and consistently show
lower IOP when measured using tonometry techniques.

Tonometry currently requires specialized equipment oper-
ated by an ophthalmologist, optometrist, or skilled techni-
cian. Hence, IOP measurements are made typically in a doc-
tor’s office about two to four times per year. Since studies
show that IOP varies widely throughout the day, quarterly
measurements are poor representations of a patient’s actual
1OP profile.

A number of efforts have also been made to develop
MEMS-based implantable IOP sensors with telemetric sens-
ing. Unfortunately, the operating principle of this device puts
a limit on the miniaturization of the sensor. Either the size of
the sensor has to become large to achieve a longer transmis-
sion distance, or small devices lead to extremely short readout
distances limit the practical use of the device. For example, to
read IOP at a 2 centimeter distance, the IOP sensor has to be
at least around 3 millimeters in size, which is too large in
terms of patient acceptance and interference with ocular func-
tion.
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The identification of new therapeutic compounds for glau-
coma treatment utilizes IOP reduction in research animals as
a screening parameter. Unfortunately, IOP measurements in
animals using tonometry require anesthesia and extreme care
for repeatability. Previously developed MEMS-based sensors
are too large for use in rodent models, which make up more
than 90% of the animal species used in glaucoma research.
For example, these implants may range in size from 1-3 mm
and are difficult to use in rodents that have corneal diameters
of about 3.5 mm.

SUMMARY OF THE INVENTION

The above-described systems proposed a variety of tech-
niques for measuring and monitoring intraocular pressure
(“IOP”). However, there still exists a need for a highly min-
iaturized IOP monitoring system that can be adapted for both
patient and research use. There also exists an unfulfilled need
for a simple method to monitor IOP on a frequent basis at
home, with easy, remote readout.

In view of the foregoing, one aspect of the present inven-
tion provides the first engineered nanophotonics sensor for
biological pressure sensing. Nanophotonic components
reduce the size of the sensors, as well as improve the sensi-
tivity and strength of the readout signals. Embodiments of the
invention provide a highly miniaturized IOP monitoring sys-
tem using a nanophotonics-based implantable IOP sensor
with remote optical readout that can be adapted for both
patient and research use. A handheld detector optically
excites the pressure-sensitive nanophotonic structure of the
IOP-sensing implant placed in the anterior chamber and
detects the reflected light, whose optical signature changes as
a function of IOP. Optical detection eliminates the need for
large, complex inductive-coupling/capacitive-sensing (LC)
structures and simplifies sensor design. The use of precisely
engineered nanophotonic components improves the sensor’s
resolution and sensitivity, increases optical readout distance,
and reduces its size by a factor of 10-30 over previously
reported implants. Its small size and convenient optical read-
out allows more frequent and accurate self-tracking of IOP by
patients in home settings. In addition, this technology can be
adapted for use in monitoring large cohorts of animals to
support glaucoma research and drug discovery.

Thus, according to embodiments of the present invention,
automated and systematic monitoring of IOP profiles can be
achieved. This leads to better definition of IOP fluctuations,
that when combined with aggressive lowering of IOP, results
in better clinical outcome. It allows physicians to improve
patients’ adherence to medication and detect suboptimal IOP
control. It also provides more accurate IOP profiles for indi-
vidually tailored pressure-lowering treatment, and improves
understanding of the relationship between IOP and disease.
With adaptation, it also allows convenient IOP monitoring in
large groups of research animals to accelerated fundamental
discovery and drug development.

In view of the foregoing, one aspect of the present inven-
tion provides a method for sensing pressure, such as intraocu-
lar pressure. The method comprises establishing a gap
between first and second membranes at a first pressure, the
first and second membranes comprising nanophotonic com-
ponents; transmitting a beam of light to the nanophotonic
components; measuring a first reflectance of light off of the
nanophotonic components at the first pressure; changing the
gap between first and second membranes in response to a
second pressure; transmitting the beam of light to the nano-
photonic components; measuring a second reflectance of the
light off of the nanophotonic components at the second pres-
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sure; and calculating the second pressure using the difference
between the first reflectance of the light and the second reflec-
tance of the light.

A device for sensing pressure, such as intraocular pressure,
is also provided according to an embodiment of the invention.
The device comprises first and second membranes separated
by a gap, the first and second membranes being configured to
move with respect to each other in response to changes in
pressure; and a plurality of nanophotonic components
embedded in the first and second membranes, the nanopho-
tonic components being configured to reflect light. A system
for sensing pressure, such as intraocular pressure, is further
provided according to an embodiment of the invention. The
system comprises a device configured to be implanted in an
eye, the device comprising first and second membranes sepa-
rated by a gap, the first and second membranes being config-
ured to move with respect to each other in response to changes
in pressure, and a plurality of nanophotonic components
embedded in the first and second membranes, the nanopho-
tonic components being configured to reflect light; and a
reader configured to transmit light to the nanophotonic com-
ponents and receive light reflected off of the nanophotonic
components.

Still other aspects, features and advantages of the present
invention are readily apparent from the following detailed
description, simply by illustrating a number of exemplary
embodiments and implementations, including the best mode
contemplated for carrying out the present invention. The
present invention also is capable of other and different
embodiments, and its several details can be modified in vari-
ous respects, all without departing from the spirit and scope of
the present invention. Accordingly, the drawings and descrip-
tions are to be regarded as illustrative in nature, and not as
restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be understood more fully from
the detailed description given below and from the accompa-
nying drawings of various embodiments of the invention,
which, however, should not be taken to limit the invention to
the specific embodiments, but are for explanation and under-
standing only.

FIG. 1A is a schematic diagram of a system for sensing
intraocular pressure in accordance with an embodiment of the
invention.

FIG. 1B is a close-up schematic diagram of the system for
sensing intraocular pressure shown in FIG. 1A.

FIG. 2A is a front view of a system for sensing intraocular
pressure in accordance with an embodiment of the invention.

FIG. 2B is a perspective view of the system for sensing
intraocular pressure shown in FIG. 2A.

FIG. 2C is another perspective view of the system for
sensing intraocular pressure shown in FIG. 2A.

FIG. 2D is a close-up perspective view of the system for
sensing intraocular pressure shown in FIG. 2A.

FIG. 2E is a close-up perspective cutaway view of the
system for sensing intraocular pressure shown in FIG. 2A.

FIGS. 3A-3E are schematic diagrams of systems for sens-
ing intraocular pressure in accordance with embodiments of
the invention.

FIG. 4A illustrates pressure-sensitive bilayer-membrane
disks at a first pressure according to an embodiment of the
invention.

FIG. 4B illustrates pressure-sensitive bilayer-membrane
disks at a second pressure according to an embodiment of the
invention.
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FIG. 4C is a graph illustrating the relationship between IOP
and the gap between the pressure-sensitive bilayer-membrane
disks illustrated in FIGS. 4A and 4B.

FIG. 4D is a graph illustrating the relationship between
resonance wavelength and reflectance of the nanoparticles of
the pressure-sensitive bilayer-membrane disks illustrated in
FIGS. 4A and 4B.

FIG. 4E is a graph illustrating the relationship between IOP
and the shift in reflectance of the nanoparticles of the pres-
sure-sensitive bilayer-membrane disks illustrated in FIGS.
4A and 4B.

FIG. 5A illustrates COMSOL simulation results of a sealed
Parylene-C bilayer-membrane disk according to an embodi-
ment of the invention.

FIG. 5B illustrates COMSOL simulation results of a sealed
bilayer-membrane disk at maximum deformation of the
membranes according to an embodiment of the invention.

FIG. 5C is a graph illustrating the relationship between IOP
and the intermembrane gap according to an embodiment of
the invention.

FIG. 6A is a schematic diagram illustrating a Parylene-C
bilayer-membrane disk embedded with gold nanospot arrays
according to an embodiment of the invention.

FIG. 6B is a graph illustrating the reflectance spectra of the
Parylene-C bilayer-membrane disk illustrated in FIG. 6A as a
function of the intermembrane gaps.

FIG. 6C is a graph illustrating the shift in resonance of the
Parylene-C bilayer-membrane disk illustrated in FIG. 6A as a
function of the intermembrane gaps.

FIG. 6D is a graph illustrating the shift in resonance of the
Parylene-C bilayer-membrane disk illustrated in FIG. 6A as a
function of IOP.

FIG. 7 is a schematic diagram of an on-bench character-
ization chamber for characterizing a system for sensing
intraocular pressure according to an embodiment of the
invention.

DETAILED DESCRIPTION

Systems and methods for sensing intraocular pressure
(“IOP”) are described. In the following description, for pur-
poses of explanation, numerous specific details are set forth in
order to provide a thorough understanding of the exemplary
embodiments. It is apparent to one skilled in the art, however,
that the present invention can be practiced without these
specific details or with an equivalent arrangement.

Referring now to the drawings, wherein like reference
numerals designate identical or corresponding parts through-
out the several views, FIGS. 1A and 1B are schematic dia-
grams of a system for sensing intraocular pressure in accor-
dance with an embodiment of the invention. A battery-free
IOP-sensing implant 130 with remote optical readout is
inserted into the ocular anterior chamber of an eye 120,
between the cornea and the iris. The sensor implant 130 is
excited by an excitation beam 140 from an external light
source built into a portable, handheld reader unit 110. The
reader unit 110 scans the implant 130 over a range of wave-
lengths (e.g., from 750 nm to 1300 nm). The reflected light
150 from the implant 130 over the range of wavelengths is
used to locate a dip in reflectance (i.e., a sudden decrease in
reflectance). This dip in reflectance is then used to determine
the current intraocular pressure (“1OP”) inside the eye 120, as
described further herein.

FIGS. 2A-C are front and perspective views of a system for
sensing intraocular pressure in accordance with an embodi-
ment of the invention. In this embodiment, a plurality of
battery-free IOP sensing implants 230 with remote optical
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readout are inserted into the ocular anterior chamber of an eye
220, between the cornea and the iris. The sensor implants 230
are excited by an excitation beam 240 from an external light
source built into a portable, handheld reader unit 210. The
reflected light 250 from the implants 230 contain information
on the current IOP inside the eye 220.

FIG. 2D is a close-up perspective view of an implant 230.
FIG. 2E is a close-up perspective cutaway view of the implant
230 embedded with a plurality of nanophotonic components
237, described in further detail herein. Nanophotonic com-
ponents 237 may comprise gold in one embodiment, such that
nanophotonic components 237 are gold nanospots. Although
shown and described as having a circular or cylindrical shape,
it is contemplated that nanophotonic components 237 may
take on any shape, such as triangles or squares. Further,
although illustrated as opaque in FIGS. 2A-E, it is contem-
plated that implants 230 are optically transparent in the range
of sensing wavelengths.

FIGS. 3A-E are schematic diagrams illustrating various
1OP-sensing configurations that can be established using IOP
sensing implants and readers 310 at home, hospitals, research
labs and animal facilities with easy optical readout according
to embodiments of the invention. FIG. 3A shows a user 360
using a reader unit 210 in handheld mode. FIG. 3B shows the
reader unit 310 scanning an implant while the user 360 uses
computer 370. FIG. 3C shows the reader unit 310 scanning an
implant while the user 360 is in the bathroom near mirror 380.
FIG. 3D shows the reader unit 310 scanning an implant while
the user 360 is watching television 390.

FIG. 3E shows the systematic tracking of the IOP of a
research mouse 365 by a plurality of reader units 310a and
3105. The position and orientation of the head of mice are
very predictable, and thus suitable for IOP sensing by reader
units 310a and 3105 when consuming water or food. In one
embodiment, the collected IOP data is matched with the
specific animal sensed (in this case, mouse 365) through the
use of implanted electronic ID tags. Thus, a single IOP detec-
tion device (such as reader unit 3104) can be used to monitor
a whole group of animals.

FIGS. 4A-B illustrate a small-scale, implantable pressure
sensor 400 according to an embodiment of the invention. The
sensor 400 comprises two pressure-responding flexible
mechanical structures, in this case pressure-sensitive bilayer
membrane disks 439a, 4395, embedded with a plurality of
nanophotonic components 437 whose reflection spectrum
varies as the geometry of the hosting structure changes in a
predictable way as a function of IOP. Nanophotonic compo-
nents 437 may be nanoparticles and/or nano-patterns having
a pitch p and diameter d.

In this embodiment, force-resisting mechanical flexures
4354 and 43556 (e.g., springs) are used simply to represent the
spring constant k, of membrane disks 439a, 4395, and no
flexures 435a and 4356 are actually physically present.
Because membrane disks 439a, 4395 comprise flexible and/
or deformable materials, actual, physical flexures 4354 and
435b are not necessary to realize a spring constant k. How-
ever, in other embodiments, it is contemplated that rigid
membranes may be implemented as membrane disks 439a,
4395, and that force-resisting mechanical flexures 435a, 4355
(of any material having a spring constant k) can be physically
present in order to separate the membranes and provide the
appropriate change in gap, and described further herein.

The initial intermembrane gap g, narrows to a second inter-
membrane gap g, as the ambient pressure P increases. Refer-
ence numeral 440 represents the light incident on the surface
of membrane 439a. As the gap g becomes smaller, the reso-
nance of the nanophotonic structures on the membrane shifts
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(i.e., a reflectance dip), changing the optical spectrum of the
beam 450 that reflects off its surface. In other words, a change
in intraocular pressure leads to a change in membrane defor-
mation, causing a change in the gap size. The change in gap
size, in turn, causes a shift in resonance (i.e., reflectance dip).
By wusing a previously obtained relationship between
intraocular pressure and resonance shift, an accurate IOP
reading can be made with the shift in resonance dip.

FIG. 4C is a graph illustrating the relationship between IOP
and the gap between the pressure-sensitive bilayer-membrane
disks 439a, 4395 illustrated in FIGS. 4A and 4B. FIG. 4D is
a graph illustrating the relationship between wavelength of
incidental light and reflectance of the nanophotonic compo-
nents 437 of the pressure-sensitive bilayer-membrane disks
439a, 4395 illustrated in FIGS. 4A and 4B. As represents the
shift of the resonance (i.e., the sudden decrease or dip in the
reflectivity) caused by the change in gap from g, to g,. FIG.
4E illustrates the shift of resonance, As, as a function of IOP.
In the pseudo-linear region, an IOP reading can be easily and
reliably obtained.

In one embodiment, simple, reliable mechanical designs
and biocompatible materials are used in the disclosed systems
for sensing IOP. For example, a Parylene-C bilayer mem-
brane disk 500 can be used, as shown in FIG. 5A. Although
shown and described with respect to a Parylene-C bilayer
membrane disk, however, it is contemplated that several other
materials and techniques may be used to transform the IOP
change into predictable mechanical deformation. FIG. SA
illustrates exemplary dimensions of a Parylene-C bilayer
membrane disk 500 (diameter=100 pum; thickness=2.1 pm;
initial gap=1.525 um). However, it is contemplated that other
dimensions may be used to achieve similar results.

Finite element method (FEM) simulation results are shown
in FIGS. 5B and 5C showing the deformation properties of the
Parylene-C bilayer membrane disk 500. FIG. 5B illustrates
the maximum intended deformation of the membranes of the
Parylene-C bilayer membrane disk 500. As shown in FIG. 5C,
the gap between the membranes varies linearly as a function
of IOP between 1525 nm (at 0 mmHg) and 1150 nm (at 50
mmHg), at a rate of -7.5 nm/mmHg. As understood by one
skilled in the art, the design parameters of the Parylene-C
bilayer membrane disk 500 can be modified to make the
membrane disk 500 more or less sensitive (e.g., 50 nm/mmHg
or 1 nm/mmHg) to environmental pressure changes.

Any nanophotonic structures may be implanted into the
Parylene-C bilayer membrane disk 500 (or other suitable
bilayer membrane disk). For example, as shown in FIG. 6A,
high-Q nanospot arrays 602 may be embedded into a
Parylene-C bilayer membrane disk 600. In this example,
nanospot arrays 602 comprise gold. It is contemplated, how-
ever, that nanospot arrays 602 may alternatively or addition-
ally comprise any number of other suitable materials, such as
silver, or other bio-compatible metals or dielectric materials
with proper optical properties, i.e., refractive index; transmis-
sion, reflection, and/or absorption rates in the wavelength
range of interest (750 nm to 1300 nm).

The diameter of the nanospots, the pitch of the array, the
refractive indices of the membrane material and surrounding
medium, and the gap between the membranes determine the
resonance wavelength, resonance quality factor, free spectral
range (FSR), and number of modes inside the FSR. As shown
in FIG. 6B, as the gap decreases, the dip in the reflectance,
which is caused by the resonance of the bilayer membranes
embedded with the nanophotonic structures, shifts to lower
wavelengths. Because the light absorption in the cornea and
in aqueous humor starts to increase rapidly for light above
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1300 nm, the most useful optical window according to
embodiments of the invention exists between 750 nm and
1300 nm.

Turning back to FIG. 6A, the spot diameter, array pitch,
and intermembrane gap are 240 nm, 400 nm, and 1.525 pm,
respectively. With these design parameters, when the gap
decreases from 1450 nm to 1150 nm due to increasing IOP,
the resonance (i.e., the dip in the reflectance) shifts from
about 1300 nm to above 1060 nm, as shown in FIGS. 6B and
6C. This is equivalent to about a 240 nm shift over a
40-mmHg change (i.e., from 10 mmHg to 50 mmHg), or a
rate of 6 nm/mmHg, as shown in FIG. 6D. A 6-nm shift of a
sharp, high-Q resonance dip can be resolved using commer-
cial miniature spectrometers or detected by using a photo-
diode after converting the wavelength shift to the intensity
change based on interferometric techniques. The final map-
ping between resonance shift and IOP as shown in FIG. 6D is
linear.

A number of advantages can be realized by using the dis-
closed nanophotonic approach. For example, the disclosed
implant has a simple, small structure that can be easily fabri-
cated. Compared to an optical technique that relies purely on
the interference between the two dielectric surfaces, the addi-
tion of nanophotonic components doubles the quality factor
of'the resonance dip in the reflectance spectrum and achieves
larger than 90% swings in reflectivity at resonance. In addi-
tion, within a circular area with a diameter of 100 pm on the
membrane, an array of approximately 8,000 nanophotonic
components can be fit due to their extremely small, nanoscale
dimensions. This high packing density enables the 100 um
diameter implant to generate strong reflective optical signals
that can be detected from a remote distance over 20 cm.

FIG. 7 is a schematic diagram of an on-bench character-
ization chamber 700 for characterizing a system for sensing
intraocular pressure according to an embodiment of the
invention. The chamber 700 simulates an ocular environment
in which the disclosed IOP sensors may be used and tested to
optimize performance. The chamber 700 includes saline solu-
tion 711; flow regulator 713 for regulating the flow of saline
solution 711; valve 714 for controlling the access of saline
solution 711 to pressure chamber 716; gas 723; pressure
regulator 721 for regulating the pressure of gas 723; and valve
718 for controlling access of gas 723 to pressure chamber
716.

The chamber 700 simulates the environment of the anterior
chambers of human/rodent eyes, allowing the testing of the
sensors in air as well as saline solution. The following tests
and observations can be performed or made using the cham-
ber 700: optical resonant frequency and quality (Q) factor of
the nanophotonic array; vertical mechanical resonant fre-
quency and Q factor of the bilayer-membrane disk; the mem-
brane’s mechanical responsivity at heartbeat frequencies;
pressure sensitivity, responsivity, and drift; temperature influ-
ence; dependence of remote readout distance on sensor size
and distance; and observation on biological medium (viscos-
ity) eftect. These outcomes and findings can be used to opti-
mize performance of the disclosed IOP sensors in one
embodiment.

In the past decade, large NIH-sponsored clinical trials have
established that tight IOP control leads to better clinical out-
come. In addition, it has been proposed that diurnal variations
in IOP are important for the optimal management of disease.
Because IOP can be monitored frequently during the course
of a day according to embodiments of the invention, the
readings can be stored for analysis and used to prompt
patients to adhere to medications and to notify the physician
about suboptimal IOP control. The disclosed sensors can also
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serve as a sensing arm for drug dosing, much like the use of
glucose sensors to inform diabetic patients of the needed
medication. As non-compliance to medication is known to be
a major factor in treatment failure, convenient home moni-
toring of IOP will improve patient compliance with medica-
tion and treatment outcomes. More accurate IOP profiles
from individual patients also allow for the development of
tailored medication protocols for individual patients to
increase clinical efficacy. In addition, the disclosed embodi-
ments will provide doctors with more detailed IOP tracking to
understand the relationship of IOP to disease in a given
patient, and to use this information for improved clinical
management. Given its highly miniaturized form, IOP sen-
sors according to embodiments of the invention can be used
not only in humans, but also to record IOPs automatically
from research animal colonies, thus assisting in the develop-
ment of new drugs for glaucoma therapy.

The present invention has been described in relation to
particular examples, which are intended in all respects to be
illustrative rather than restrictive. Those skilled in the art will
appreciate that many different combinations of materials and
components will be suitable for practicing the present inven-
tion. For example, although shown and described with respect
to sensing intraocular pressure, it is contemplated that the
present invention can be modified to sense pressure at any
location within or outside of the body.

Other implementations of the invention will be apparent to
those skilled in the art from consideration of the specification
and practice of the invention disclosed herein. Various aspects
and/or components of the described embodiments may be
used singly or in any combination. It is intended that the
specification and examples be considered as exemplary only,
with a true scope and spirit of the invention being indicated by
the following claims.

What is claimed is:

1. A method for sensing pressure, the method comprising:

establishing a gap between first and second membranes at

a first pressure, the first and second membranes com-
prising nanophotonic components;

transmitting a first beam of light to the nanophotonic com-

ponents;
measuring a first reflectance of the light off of the nano-
photonic components at the first pressure and determin-
ing a first resonance by detecting a dip in reflectance;

changing the gap between first and second membranes in
response to a second pressure;

transmitting a second beam of light to the nanophotonic

components;

measuring a second reflectance of the light off of the nano-

photonic components at the second pressure and deter-
mining a second resonance by detecting a dip in reflec-
tance; and

calculating the second pressure using the difference

between the first resonance and second resonance.

2. The method of claim 1, wherein one of the first and
second membranes are rigid.

3. The method of claim 2, wherein the first and second
membranes are separated by one or more mechanical flex-
ures.

4. The method of claim 1, wherein the nanophotonic com-
ponents comprise nanoparticles.

5. The method of claim 1, wherein the nanophotonic com-
ponents comprise at least one of biocompatible metals and
dielectric materials.

6. The method of claim 5, wherein the biocompatible met-
als comprise at least one of gold and silver.
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7. The method of claim 1, wherein the beam of light has a
wavelength between 750 and 1300 nm.
8. The method of claim 1, wherein one of the first and
second membranes comprise a deformable material.
9. The method of claim 8, wherein the deformable material
comprises Parylene-C.
10. The method of claim 1, wherein the first and second
membranes have a diameter less than 1 mm.
11. A method for sensing pressure, the method comprising:
establishing a gap between first and second membranes,
the size of the gap changing in response to pressure on
the membranes, the first and second membranes includ-
ing nanophotonic components, resulting in an optical
resonance that shifts based on the size of the gap;
transmitting a light beam to the nanophotonic components,
the light beam reflecting off the nanophotonic compo-
nents with a wavelength spectrum containing the optical
resonance;
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measuring a dip in reflectance of the wavelength spectrum
of the light beam reflected off of the nanophotonic com-
ponents; and

calculating the pressure from the measured dip in reflec-

tance of the wavelength spectrum.

12. The method of claim 11, wherein one of the first and
second membranes are rigid.

13. The method of claim 12, wherein the first and second
membranes are separated by one or more mechanical flex-
ures.

14. The method of claim 11, wherein the nanophotonic
components comprise at least one of nanoparticles, biocom-
patible metals and dielectric materials.

15. The method of claim 11, wherein the beam of light has
a wavelength between 750 and 1300 nm.

16. The method of claim 11, wherein one of the first and
second membranes comprise a deformable material.
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